*To the Editor:* Serum alkaline phosphatase (ALP) is an important bone turnover marker in chronic kidney disease (CKD) patients, with studies indicating that higher serum ALP levels are associated with increased mortality in hemodialysis (HD) patients.^\[[@R1]\]^ Our previous study also showed that higher serum ALP levels were independently associated with all-cause and cardiovascular mortality in peritoneal dialysis (PD) patients.^\[[@R2]\]^ Recently, a report from Taiwan (China) revealed that ALP concentrations were not associated with mortality in PD patients over a 5-year period.^\[[@R3]\]^ The outcome-predictability using ALP in PD patients, therefore, remains uncertain, and the relationship between serum ALP and all-cause mortality in different ages remains unclear. Here, we investigated the relationship of serum ALP with all-cause mortality in younger and elderly PD patients.

This study was a retrospective cohort study conducted in a single PD center of The First Affiliated Hospital, Sun Yat-sen University, Guangzhou, China. The study was conducted in compliance with the ethical principles of the *Declaration of Helsinki* and approved by the Human Ethics Committees of Sun Yat-sen University. All selected patients were incident patients who started PD between 1 January 2006 and 31 December 2011. Inclusion criteria were age ≥18 years at the initiation of PD and PD treatment for more than 90 days. Patients who were catheterized in other hospitals, transferred from failed renal transplantation or permanent HD, or with malignancy, were excluded, as were patients without baseline ALP data. A total of 1273 incident PD patients were recruited and followed up until 31 December 2013.

Baseline demographic and clinical data were collected at the initiation of PD therapy. Biochemical parameters were obtained during the first 1 to 3 months after the start of PD therapy. Baseline residual renal function was assessed by 24-h urine output. The comorbidity score was estimated using the Charlson Comorbidity Index. Cardiovascular disease (CVD) was defined as a past history of or current myocardial infarction, angina, peripheral vascular disease or cerebrovascular disease.

Patients were divided into younger (age \<65 years) and elderly (age ≥65 years) groups, and further stratified into quartiles (Qs) of serum ALP levels, which were calculated separately in the younger group (Q1 ≤56 U/L; Q2 56--69 U/L; Q3 70--88 U/L; Q4 ≥88 U/L) and the elderly group (Q1 ≤61 U/L; Q2 61--76 U/L; Q3 77--97 U/L; Q4 ≥97 U/L). Descriptive analyses were performed to summarize the demographic characteristics and the baseline data for the groups stratified by age and baseline ALP values. Mean ± standard deviation (SD) were calculated for normally distributed continuous variables, and medians (interquartile ranges \[IQR\]) were calculated for continuous variables which were not normally distributed. Categorical variables were expressed as proportions. Cumulative survival curves were calculated using Kaplan-Meier analysis, and differences in survival probabilities among groups were assessed by the log-rank test. We used Cox proportional hazard models to assess the association between serum ALP levels and all-cause mortality in the younger and elderly groups. The relationship between ALP level and all-cause mortality was evaluated by both continuous ALP and ALP quartiles. Covariates were age, sex, diabetes mellitus, CVD, 24-h urine output, hemoglobin, serum albumin levels, neutrophil to lymphocyte ratio (N/L), serum alanine aminotransferase (ALT), albumin-corrected calcium, serum phosphorus, as well as intact parathyroid hormone (iPTH), and medication use, including vitamin D analogs and phosphate binders. The results were expressed as the hazard ratio (HR) and 95% confidence interval (95% CI). All analyses were performed using SPSS software version 16.0 (SPSS, Inc., Chicago, IL, USA). Statistical significance was defined at *P* \< 0.05.

In total, 1473 incident PD patients were catheterized at our PD center, of whom 17 patients were younger than 18 years, 72 patients were on PD for less than 3 months, 9 patients were transferred after failed renal transplantation, 54 patients were transferred from permanent HD, and 26 patients had malignant disease. Of the remaining 1295 patients, 1273 had ALP measured at baseline and were eligible for the present analysis \[Supplementary Figure 1\].

The baseline characteristics of patients stratified by age group are shown in Supplementary Table 1. Based on the cutoff age of 65 years, there were 1068 younger patients (\<65 years old), with age of 43.4 ± 12.0 years, and 205 elderly (≥65 years old) patients with age of 71.8 ± 4.6 years. The elderly patients had higher serum ALP levels and N/L, but lower 24-h urine output, diastolic blood pressure (DBP), serum albumin, phosphorus, iPTH, blood nitrogen (BUN), serum creatinine and uric acid (UA) levels than the younger patients. The elderly patients also had a higher prevalence of diabetes mellitus and CVD. The younger patients tended to be more likely to use vitamin D analogs and physiologic calcium peritoneal dialysate. Phosphate binder use was also higher in the younger patients, although the result was not statistically significant (*P* = 0.051).

In the younger group, baseline serum ALP levels ranged from 10 to 933 U/L (median 70 U/L, IQR 56--88 U/L, mean 79 U/L), and 127 (11.9%) patients had ALP levels beyond the normal range in our laboratory (0--110 U/L). Supplementary Table 2, shows the baseline data stratified by ALP Qs in the younger patients. Younger patients with higher ALP levels were older, more likely to have diabetes, and had higher comorbidity scores, N/L, iPTH, ALT, and aspartate aminotransferase (AST) levels, but lower phosphorus, BUN, serum creatinine, and UA levels. Younger patients who had higher ALP levels also had higher ratio of physiologic calcium peritoneal dialysate use. Medication use was not significantly different among each ALP Q in the younger group.

In the elderly group, baseline serum ALP levels ranged from 15 to 389 U/L (median 77 U/L, IQR 61--97 U/L, mean 86 U/L), and 36 (17.6%) patients had an ALP level over 110 U/L. Supplementary Table 3, shows the baseline data stratified by ALP Qs in the elderly patients. Elderly patients with the highest ALP Qs had the lowest systolic blood pressure. There were no significant differences among the elderly Q groups regarding other characteristics.

After a median of 34.2 (IQR 20.8--48.5) months' follow-up, 144 (13.5%) younger patients and 104 (50.7%) elderly patients died. Of 144 deaths, 77 (53.5%) in the younger group and 58 (55.8%) in the elderly group were caused by CVD.

Figure [1](#F1){ref-type="fig"} shows Kaplan-Meier survival curves of ALP Qs in different groups. In the younger group, at the end of 1, 3, and 5 years, all-cause mortality was 3.0%, 7.4%, and 9.3%, respectively, in the Q1 group; 1.9%, 7.4%, and 10.7%, respectively, in the Q2 group; 2.6%, 6.7%, and 10.7%, respectively, in the Q3 group; and 3.1%, 10.0%, and 18.9%, respectively, in the Q4 group. Patient survival was significantly lower in the Q4 group compared with the other three Qs (*P* = 0.014) \[Figure [1](#F1){ref-type="fig"}A\]. In the elderly group, all-cause mortality at the end of 1, 3, and 5 years was 11.1%, 29.6%, and 51.9%, respectively, in the Q1 group; 20.0%, 44.0%, and 50.0%, respectively, in the Q2 group; 11.8%, 33.3%, and 54.9%, respectively, in the Q3 group; and 24.0%, 46% and 52.0%, respectively, in the Q4 group. There was no significant difference in survival rates among the 4 groups of elderly patients (*P* = 0.683) \[Figure [1](#F1){ref-type="fig"}B\].

![Survival curves for patients with different levels of serum ALP. Cumulative mortality curves for younger patients (A) and elderly patients (B) according to quartiles of ALP levels at baseline. ALP: alkaline phosphatase.](cm9-132-232-g001){#F1}

After adjusting for demographics, comorbid diseases, 24-h urine output, liver function, nutrition, inflammation, bone metabolism parameters, and medication use, we found that each 10 U/L higher ALP level was associated with a 5.6% higher hazard (95% CI, 1.03--1.09; *P* \< 0.001) for all-cause mortality in overall patients using Cox proportional hazards model (data not shown). Table [1](#T1){ref-type="table"} shows the results of Cox regression models that investigated the relationship of baseline serum ALP values with all-cause mortality in younger and elderly patients. Regardless of the adjustment method used, the highest quartile (Q4) was significantly associated with higher all-cause mortality compared to the lowest quartile (Q1) in the younger group. However, the risk of all-cause mortality in the middle quartile (Q2 and Q3) did not statistically significantly differ from the lowest quartile (Q1). In the multivariable adjusted model, each 10 U/L higher ALP level was associated with a 6.4% higher hazard (95% CI, 1.03--1.10; *P* \< 0.001) for all-cause mortality in the younger patients. After adjustment for age, gender, comorbid diseases, 24-h urine output, hemoglobin level, serum albumin level, N/L, iPTH level, albumin-corrected calcium level, serum phosphorus level, vitamin D analog use and phosphate binder use, there was no significant association between ALP levels and all-cause mortality in the elderly group (HR: 1.04, 95% CI: 0.99--1.10; *P* = 0.101).

###### 

Associations between continuous and quartiles of serum ALP and all-cause mortality in younger and elderly patients

![](cm9-132-232-g002)

In this retrospective analysis of PD patients, we found that elevated serum ALP levels were associated with higher all-cause mortality in PD patients. Furthermore, we demonstrated the differences between younger and elderly populations in the impact of baseline serum ALP levels on survival. Higher serum ALP levels were incrementally associated with higher all-cause mortality only in the younger patients treated with PD, independent of potential confounders (eg, demographic characteristics, comorbidity, laboratory parameters, and medication use). There was no significant association between higher serum ALP levels and poorer survival in the elderly patients. The ALP-mortality association appeared to be stronger in the younger group compared with the elderly group.

Our previous study indicated that higher ALP levels were associated with all-cause and cardiovascular mortality in PD patients.^\[[@R2]\]^ In this study, we increased the number of patients, and extended the follow-up duration, and demonstrated similar results. There are several mechanisms that can explain the contribution of elevated ALP to increased mortality. ALP is not only a marker of high bone turnover, but also a mediator of vascular calcification, which is a predictor of mortality in dialysis patients.^\[[@R4]\]^ ALP also has a relationship with inflammation and endothelial dysfunction, which are risk factors for mortality.^\[[@R5]\]^

Several reasons could explain the discrepancy in serum ALP-associated mortality between younger and elderly PD patients. Firstly, elderly PD patients tended to have worse nutritional parameters and a higher prevalence of diabetes and other comorbidities with a strong correlation with increased mortality in PD patients.^\[[@R6]\]^ Secondly, a high prevalence of vascular calcification may contribute to increased mortality in PD patients.^\[[@R7]\]^ ALP catalyzes the hydrolysis of phosphomonoesters with releasing of inorganic phosphate (Pi) as well as hydrolyzing inorganic pyrophosphate (PPi) as pyrophosphatases.^\[[@R8]\]^ Pyrophosphate, a potent inhibitor of medial vascular calcification, is controlled by hydrolysis via a tissue-nonspecific ALP.^\[[@R9]\]^ Renal failure increases the expression of tissue-nonspecific ALP in vascular smooth muscle.^\[[@R9]\]^*In vivo* studies showed that tissue-nonspecific ALP deficiency could ameliorate vascular calcification.^\[[@R10]\]^ Altogether, ALP hydrolyzes pyrophosphate and PPi thus increasing vascular calcification. Elevated serum ALP levels may, therefore, explain the association between ALP and mortality in younger patients, in whom vascular calcification is less.

In conclusion, our study explored the relationship between serum ALP level and all-cause mortality in younger and elderly PD patients. We found that higher serum ALP concentrations are associated with higher all-cause mortality only in younger patients treated with PD. These results suggest that serum ALP level was more valuable in predicting all-cause mortality in younger PD patients than in elderly PD patients. Further studies are warranted to confirm these findings.
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